ABSTRACT: Three groups of gestating gilts and sows (Exp. 1; n = 98) were used to determine the effects of Pichia guilliermondii (Pg), a whole yeast product (CitriStim, ADM Alliance Nutrition), on dam and litter immune parameters. At breeding, gilts and sows were allotted to 1 of 3 treatments maintained through lactation: sow control (SC) diet or SC supplemented with 0.1 (S1) or 0.2% (S2) Pg. Pigs from groups 1 (Exp. 2) and 2 (Exp. 3) were weaned (21 d) and allotted in a 3 (SC, S1, or S2) × 2 [nursery with Pg (NPg) or without Pg (NC)] factorial arrangement in a randomized complete block design. In Exp. 2 blood samples were collected on days 5 and 28 postweaning for analysis. In Exp. 3, 36 pigs were individually penned and challenged with lipopolysaccharide (25 μg/kg BW intramuscular; 0 h). Individual BW, ADFI, and rectal temperature (RT) were collected at -48, -24, 0, 24, and 48 h and blood samples were collected at 0, 5, and 24 h for analysis. In Exp. 1, total neutrophil count (NEU) and neutrophil:lymphocyte ratio (NLR) were greater on day 110 of gestation (P < 0.05) in S1 than SC. At weaning there was a liner increase (P < 0.05) in NEU, NLR, and percentage of total leukocytes (PTL) that were NEU as level of Pg increased in sow diets. In Exp. 2, pigs from S1 had increased (P < 0.05) overall IgG than SC. The PTL that were eosinophils was greater in pigs from S2 fed NPg on day 5 than NC (P < 0.05) and increased in all pigs from S2 on day 28 (sow linear, P < 0.1). On day 28, total leukocytes and eosinophils were increased in pigs from SC [quadratic response (Q), P < 0.05]. In Exp. 3, a linear increase (P < 0.05) in ADFI was observed at -24 to 0 h, -48 to 0 h, and 24 to 48 h as the level of Pg increased in sow diets. There was a linear increase in RT at -48, -24, 0, and 5 h with increasing Pg inclusion in sow diets (P < 0.05). However, RT decreased more from 5 to 24 h in pigs from sows receiving Pg. The number of monocytes and PTL that were monocytes were higher in S2 compared to SC and S1 (P < 0.05). Also, NEU were reduced at 5 h in S1 (P < 0.05), NLR was lower in S2 at 0 h and S1 at 5 h, IL-1β concentration was greater in SC at 0 h and S1 at 5 h, and IL-6 concentration was greater in S2 at 0 h and S1 at 5 h (P < 0.05). Furthermore, blood urea N (BUN) was higher in NC at 0 and 5 h than NPg (P < 0.05). In conclusion, Pg appears to impact immune response criteria of sows and weaned pigs.
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INTRODUCTION
Mannan oligosaccharides and β-glucans are components of the yeast cell wall that are theorized to confer benefi cial effects on immune parameters in sows (Shen et al., 2011) and nursery pigs (Davis et al., 2004) . CitriStim (ADM Alliance Nutrition) is a whole yeast (Pichia guilliermondii [Pg] ) coproduct of citric acid extraction containing the whole yeast cell and its components. Localized immunomodulatory effects of Pg in broilers have been reported (Shanmugasundaram and Selvaraj, 2012) . The objective of this study was to determine the effect of dietary Pg supplementation on immune response.
MATERIALS AND METHODS
All studies were approved by the University of Arkansas animal care and use committee.
Experiment 1
Three consecutive groups of gestating gilts and sows (n = 98) were allotted to dietary treatments based on BW at breeding and parity (0, 1, or 2+). The 3 dietary treatments consisted of a gestation control diet [corn (Zea mays), soybean (Glycine max) meal, and distiller's dried grains with solubles based sow control (SC)] or SC supplemented with 0.1% Pg (S1) or 0.2% Pg (S2). On day 110 of gestation, sows were moved to a farrowing facility and provided a lactation diet, maintaining gestation treatments. Diets were formulated to be adequate for gestating and lactating gilts and sows. Within 24 h of parturition, colostrum samples were collected. Approximately 14 d later sows were administered oxytocin to stimulate milk letdown, and milk samples were collected. Concentrations of IgA, IgG, and IgM in colostrum and milk samples were determined.
Blood samples were obtained via jugular venapuncture from sows on day 110 for the third group and at weaning for all groups. Additionally, blood samples were collected from suckling piglets at approximately 14 d of age. Blood for serum analysis was collected into evacuated tubes containing clot activator (BD Vacutainer, Becton, Dickinson and Company, Franklin Lakes, NJ). Blood samples were centrifuged at 1300 × g for 20 min; serum was transferred into 5.0 mL polypropylene sample tubes and stored at -20°C until analyzed for IgA, IgG, and IgM. Blood for determination of leukocyte differentials was collected in K 2 -EDTA tubes (BD Vacutainer) and analyzed using a blood hematology system (Hemavet 950 FS, Drew Scientifi c, Waterbury, CT).
Experiment 2
Pigs from the fi rst farrowing group were used in a 3 (SC, S1, or S2) × 2 (nursery pigs with Pg [NPg] or without Pg [NC] ) factorial arrangement in a randomized complete block design (RCBD). Pigs (n = 336) were phase fed with Pg inclusion at 0.2, 0.1, and 0.1% in phase 1 (7 d), phase 2 (14 d), and phase 3 (14 d), respectively. Weaning occurred at approximately 21 d of age and feed and water were provided ad libitum. Blood samples were collected on days 5 and 28 postweaning for analysis of IgA, IgG, IgM, and haptoglobin as well as leukocyte differentials as described previously.
Experiment 3
To determine the impact of Pg fed to sows and their progeny on the immune response to a lipopolysaccharide (LPS) challenge, 36 pigs from the second farrowing group were assigned to treatment in a 3 (SC, S1, or S2) × 2 (NC or NPg [0.2% Pg]) factorial arrangement in a RCBD. Pigs were individually penned in an isolated nursery facility at approximately 35 d of age and allowed a 3-d acclimation period. Pigs (40 d of age) were challenged with LPS (25 μg/kg BW intramuscular; 0 h) to induce an immune response. Individual BW, ADFI, and rectal temperature (RT) were collected at -48, -24, 0, 24, and 48 h. Blood samples were collected into vacuum tubes (Becton, Dickinson and Company) at 0, 5, and 24 h for analysis of leukocyte differential and serum concentrations of IL-1β, IL-6, urea N, serum amyloid A (SAA), C-reactive protein (CRP), and haptoglobin (HAP).
Chemical Analysis
Colostrum, milk, serum IgA, IgG, and IgM (Pig ELISA Quantitation Set, Bethyl Laboratories, Inc., Montgomery, TX), serum SAA, CRP, and HAP (PHASE Range ELISA Kit, Tridelta Development Ltd., Kildare, Ireland), and serum IL-1β and IL-6 (Porcine DuoSet, R & D Systems, Inc., Minneapolis, MN) were analyzed with commercially available ELISA kits per manufacturer's instructions. Serum urea N was determined using a commercially available colorimetric kit [Urea Nitrogen (BUN) Reagent; Teco Diagnostics, Anaheim, CA] per the manufacturer's instructions.
Statistical Analysis
Data were analyzed using the PROC MIXED procedures of SAS (SAS Institute, Cary, NC) with treatment as the fi xed effect and parity as a covariate.
RESULTS AND DISCUSSION
Instances where differences or tendencies were present between treatments are presented in Table 1 .
Experiment 1
No differences were observed in IgA, IgG, or IgM among treatments in colostrum, milk, or serum from sows or 14-d-old piglets. However, total neutrophil count (NEU) and neutrophil:lymphocyte ratio (NLR) were greater (P < 0.05) on day 110 of gestation in S1 than SC, with S2 being intermediate. Additionally, lymphocytes comprised a greater (P < 0.05) percentage of leukocytes in SC than S1. At weaning a liner increase (P < 0.05) in NEU, NLR (1.66, 1.96, and 2.34 for SC, S1, and S2, respectively), and percentage of total leukocytes that were NEU was observed as Pg increased in sow diets. These data are contrary to that of Shen et al. (2011) , who reported a decrease in NEU in response to supplementation of a Saccharomyces cerevisiae fermentation product, and may indicate sows provided Pg had an increased infl ammatory challenge compared to control. However, we have previously reported an increase in number born alive and weaned and a decrease in number born alive weighing less than 0.91 kg (Bass et al., 2012) .
Experiment 2
Pigs fed NPg from S2 sows had a larger percentage of leukocytes that were eosinophils on day 5 than NC (sow linear × nursery; P < 0.05); on day 28, the same parameter increased in all pigs from S2 (sow linear, P = 0.1). Additionally, on day 28 total leukocytes and eosinophils were highest in pigs from SC and S2 (sow quadratic, P < 0.05). Pigs from S1 had an increased overall concentration of IgG (4.96, 5.96, and 5.38 mg/ mL for SC, S1, and S2, respectively; sow quadratic, P < 0.05) and tended to have increased overall concentration of IgA (0.29, 0.41, and 0.31 mg/mL for SC, S1, and S2, respectively; sow quadratic, P = 0.1) and decreased concentration of haptoglobin (1.85, 1.49, and 1.94 mg/ mL in SC, S1, and S2, respectively; sow quadratic, P = 0.1) than those from sows fed without Pg. Davis et al. (2004) observed a decrease in NEU in weaned pigs receiving a mannan yeast product. In the current study there were no differences in NEU or NLR; however, there appears to be an improvement in immune status in weaned pigs from S1.
Experiment 3
Pigs from S1 had increased (P < 0.1) ADG from -48 to -24 h and -48 to 0 h compared to SC. A linear increase (P < 0.05) in ADFI was observed as the level of Pg increased in sow diets at -24 to 0 h, -48 to 0 h, and 24 to 48 h. Pigs in NPg had improved G:F at -48 to -24 h, but feed intake after LPS challenge was reduced compared to -48 to 0 h (P < 0.05) likely due to the increased intake prior to challenge. Interestingly, there was a linear increase in RT with increasing Pg inclusion in sow diets at -48, -24, 0, and 5 h and a quadratic response at 48 h with pigs from S1 being highest (P < 0.05) implying a stressed or challenged state. However, RT decreased more in pigs from S1 and S2 from 5 to 24 h. The number of monocytes and percent of leukocytes that were monocytes were greatest in pigs from S2 (P < 0.05). Additionally, the number of NEU were reduced at 5 h in S1 piglets (P < 0.05), NLR was lower in S2 piglets at 0 h and S1 at 5 h (time × sow treatment [T × ST], P < 0.01), IL-1β concentration was greater in SC piglets at 0 h and S1 at 5 h (T × ST, P < 0.05), and IL-6 was higher in S2 piglets at 0 h and S1 at 5 h (T × ST, P < 0.01). Furthermore, blood urea N (BUN) was higher in NC at 0 and 5 h than NPg (P = 0.05). It appears inclusion of Pg during gestation and lactation, especially in S1, impacted immune response to LPS as pigs from S1 had decreased NEU and NLR and increased IL-1β and IL-6 compared to pigs from SC and S2 at 5 h postchallenge.
In summary, inclusion of Pg had no effect on immune parameters measured in milk, colostrum, or day 14 piglet serum. However, inclusion of Pg in gestation and lactation diets increased the infl ammatory response of gilts and sows. Supplementing Pg through gestation and lactation altered immune parameters in the resulting progeny and appears to alter immune response to LPS stimulation in the weaned pig, which may enhance piglet growth performance.
